Introduction
Convulsive status epilepticus (CSE) is recognized as requiring prompt diagnosis and treatment, as seizure duration is an important prognostic factor. 1, 2 Traditionally, parenteral benzodiazepines have been used as first-line therapy, and a number of studies [3] [4] [5] [6] have suggested that lorazepam is superior to diazepam as first-line therapy, with improved seizure outcome and less respiratory depression. However many published guidelines still recommend diazepam, 7, 8 and there are few data about the use of lorazepam in routine clinical practice in adults, and no published cost analysis data. We report a comparison of the efficacy, safety and cost of lorazepam and diazepam, undertaken as part of a London teaching hospital audit on the management of CSE in adults.
Methods
Cases of CSE were retrospectively identified over two 18-month recommendation of lorazepam (4 mg i.v., repeated up to 2 times) in place of diazepam (10 mg i.v., repeated up to 3 times) as first-line treatment for CSE. Phenobarbitone was also recommended in preference to phenytoin, as cardiac monitoring was not easily available on all medical wards, and it was felt this might delay second-line treatment in some instances. The protocol was endorsed by all the Neurology Consultant staff at the hospital, approved with the hospital pharmacy and local statutory committees, and then widely distributed and publicized during two months prior to May 1997. All relevant senior staff (Medical and Accident & Emergency Consultants) were personally informed by letter, along with a copy of the protocol. All junior staff were given a 'filofax'-sized copy for their own use, and it was included in the hospital formulary and junior doctors handbook given to all new staff. The protocol was also presented along with a detailed rationale at the hospital medical grand round, and separately to Accident & Emergency junior doctors. Subsequent to May 1997, new staff continued to receive the same documents, and copies of the protocol were displayed prominently in Accident & Emergency Department. Teaching sessions to junior doctors (Medical and Accident & Emergency SHOs), occurring every 6 months, continued to reinforce the protocol.
The diagnostic codes for all admissions and casualty presentations of patients over 16 years of age admitted between 1.10.95-31.3.97 and 1.6.97-31.11.98 were examined, and patients with primary or secondary codes including 'epilepsy', 'fits' or 'status epilepticus' identified. Medical records and casualty notes of these cases were reviewed by a single assessor (HC), and those with premonitory (p)CSE or established (e)CSE were identified. Premonitory SE (pCSE) was defined as new onset convulsive seizures lasting more than 5 min, two or more seizures without recovery of consciousness in between, or an increased frequency of convulsive seizures in patients with known epilepsy of sufficient magnitude to warrant urgent medical intervention, as judged by the assessing clinician. Established CSE (eCSE) was defined as convulsive seizures, either continuously or recurrently without regaining consciousness, lasting more than 30 min. 9, 10 Patients subsequently considered to have non-epileptic attacks were excluded from the study. Demographic, clinical, and treatment details from all identified patients were recorded anonymously on a computer database for subsequent analysis. The treatment groups were compared using ANOVA and a Tukey post hoc analysis. Treatment success was defined as cessation of seizures without recurrence in the subsequent 12 h. The outcomes following diazepam or lorazepam as early therapy were compared using x 2 and a two-sided Fishers exact test or Pearson's test. Values of p-0.05 were considered significant.
Results
At total of 720 coded episodes were identified, from which medical records were retrieved for (Figure 2) . Details of these cases are given in Table 1 , subgrouped according to initial benzodiazepine treatment. There were no significant differences in clinical characteristics between the treatment groups.
(82%
In the entire study period, 34 doses of lorazepam were given to 26 patients (17 as first dose of benzodiazepine given, 13 as second, and 4 as third), all but one dose being after the new protocol; 96 doses of diazepam were given to 56 patients (55 as first dose, 31 as second and 10 as third); 9 patients received both diazepam and lorazepam during initial benzodiazepine treatment. Second-line therapy (Table 2) was only given where initial benzodiazepine therapy had failed to achieve control in established cases. This did not differ significantly between the two groups.
Where lorazepam was the first benzodiazepine given, treatment success was significantly more likely than for diazepam (9/17 doses lorazepam vs. 14/55 doses diazepam; p = 0.042). There was no difference in the likelihood of either drug terminating the seizures (11/17 lorazepam vs. 41/55 diazepam), but following initial seizure control, seizure recurrence within the subsequent 12 h was significantly less likely to occur after lorazepam (2/11 vs. 31/45 diazepam; p = 0.005, Pearson's).
For any individual dose of lorazepam (whether given as first, second or third dose of benzodiazepine, with prior use of diazepam in some cases) the incidence of seizure recurrence was again significantly reduced (7/34 doses vs. 53/96 doses diazepam; p = 0.0006). In keeping with this, where a second or third dose of benzodiazpine was required, this occurred significantly less often after lorazepam than after diazepam (8/31 doses vs. 49/86 diazepam; p = 0.0034). Separate analysis of eCSE and pCSE cases did not change the conclusions, although numbers were then too small reach significance (data not shown).
There was no significant difference in the occurrence of documented complications such as hypotension, sedation or respiratory depression following benzodiazepine administration between the treatment groups ( Table 2 ). The frequencies of other complications, as documented in the notes during the patients admission, are also given in Table 2 . Four patients, two treated with diazepam and two with lorazepam, all with eCSE, died within 1 month of presentation, giving a mortality of 11% in this group. Associated morbidities in these patients included encephalitis (1), cerebrovascular disease (2) , and a subdural haematoma (1) . Two of the fatalities also had a history of alcohol abuse. All the surviving patients were discharged from hospital back to their prior residence, but further follow-up data on level of function/disability were not obtainable from this retrospective study.
Prior to the introduction of the new protocol, all but one (treated by HC) of the cases received only diazepam as first-line treatment. After May 1997, 43% of cases (19/44) received lorazepam as the first hospital-administered benzodiazepine, in keeping with the protocol. This included 12 patients who had been given diazepam by paramedics/care staff prior to arrival at the hospital. However, the remaining cases were not managed according to the protocol and in these diazepam was the first hospital-administered benzodiazepine.
The hospital cost of lorazepam was £0.78 for 4 mg, compared to £0.45 for 10 mg for diazepam at the time of the study. However, when used as the first benzodiazepine, because lorazepam was significantly more likely to achieve seizure control, the cost per successful outcome was no different between the two drugs (lorazepam 17 doses at £0.78/dose, 9 successes = £1.47/success; diazepam 55 doses at £0.45/dose, 14 successes = £1.46/ success).
Discussion
In this retrospective study, i.v. lorazepam was associated with significantly better seizure outcome than diazepam, with no associated increase in cost or adverse events. Both drugs were equally effective at terminating seizures, but diazepam was associated with significantly more seizure recurrence requiring repeated doses, in keeping with the known pharmacokinetics. Diazepam is highly lipid-soluble, and rapidly crosses the blood-brain barrier. However, it is also rapidly redistributed from into peripheral stores, with a short distribution half-life. Repeated doses may compensate for this, but can lead to saturation of the peripheral compartments and unpredictable sudden rises in serum levels. 8 Lorazepam is less lipid-soluble with a longer duration of action, and less risk of cardiorespiratory depression, although repeat doses have been associated with tachyphylaxis. However, in practical terms this has little significance, as where two doses of a benzodiazepine have failed to achieve control in CSE, further doses are not indicated and second-line therapy (e.g. phenobarbitone, phenytoin) should be instituted.
The definition of eCSE used in this study is widely accepted. Our definition of premonitory status includes the more recently proposed operational definition introduced in order that appropriate treatment is instituted without delay. 11 We also included patients presenting with an increased frequency or severity of habitual seizures in the LZP, lorazepam; DZP, diazepam; *Some patients had more than one identified factor. **Includes systemic infection; subdural haemorrhage; toxic; metabolic; multiple sclerosis. ***eCSE cases only (some DZP patients were treated prior to arrival in A&E). pCSE group, as urgent intervention in such patients can prevent the development of eCSE. 8 We accept that retrospective case analysis from diagnostic codes is liable to inaccuracies, and confounded further by problems with note retrieval. Of the cases coded as epilepsy, even after repeated attempts to retrieve notes up to 1 year after the data collection period ended, 18% of notes were never examined. This is comparable to retrieval figures in other retrospective studies in the UK 12 and abroad. 13 We cannot rule out the possibility that this has introduced some bias into the study. However, given that of the 590 notes that were examined, only 90 (15%) included a CSE episode, it is likely that the majority of the missing notes were also not relevant, and missing notes were equally distributed in the two study periods. In addition, we also independently examined casualty records in the study period, and notes for patients identified by this route were all subsequently retrieved. The annual incidence of SE is estimated to be around 20/100 000/year, including non-convulsive SE, and with the majority of cases in children. 14 We identified 90 episodes of convulsive status in adults over a 3-year period, from a regional population of 500 000, giving an annual adult incidence of 6/100 000, which is in keeping with the expected incidence. The mortality rate (11%) amongst eSE cases is also in keeping with published figures. 8 Thus we believe case identification to be as near complete as possible.
Although the lorazepam group included more patients with pCSE (11/17) than the diazepam group (21/46), and the mean time to first treatment was shorter (Table 1 , last row), these differences were not significant. The 'time to first treatment' data were also in part skewed by a few cases with very prolonged delays before treatment (up to 315 minutes in the diazepam group), whereas in many instances diazepam was actually given earlier than lorazepam, as it is often administered by paramedics prior to arrival in A&E. Thus these factors do not account for the greater success of treatment with lorazepam compared to diazepam, although they may have contributed to it.
There have been three previous prospective studies directly comparing lorazepam with diazepam as first-line therapy in SE. In the first of these, a randomized double-blind trial in 81 episodes, lorazepam achieved seizure control in 89% of episodes compared to 76% with diazepam. 3 In keeping with our findings, this was largely accounted for by a significant reduction in seizure recurrence following lorazepam, with both drugs equally effective at initial seizure termination. In a later open prospective randomized study in 102 children with SE, a single dose of lorazepam controlled convulsions in 76% of cases, compared to 51% with diazepam. 15 This study also documented a significantly lower incidence of respiratory depression (3% lorazepam vs. 15% diazepam), and included rectal administration of the solution lorazepam where venous access was not possible. Finally, in a randomized double-blind trial in 205 episodes, given intravenous therapy out of hospital by paramedics, seizures had terminated on arrival to A&E in 59% given lorazepam, 43% given diazepam and 21% given placebo. After adjustment for covariates, the odds ratio for termination of seizures was 1.9 in the lorazepam group compared to the diazepam group, (95%CI 0.8-4.4), with no difference in the rates of circulatory or respiratory complications (10% both treatments). The authors in all studies concluded that lorazepam was superior to diazepam with higher rates of seizure termination. None assessed subsequent seizure recurrence, which as supported by known pharmacokinetics and our study data, provides further evidence in favour of lorazepam. It was not possible in our retrospective study to accurately document time from benzodiazepine therapy to initial seizure termination, but this did not differed significantly in the studies described above.
The results from our study support and extend the findings of previous trials, and demonstrate that lorazepam is superior to diazepam not only in the trial setting, but also in routine clinical practice, and at no added overall cost. Despite the introduction of evidence-based protocols, at least in this hospital, clinicians have been slow to adopt this drug and diazepam is still widely used. There have been no published studies of guideline adherence the management of status epilepticus. However, the problems of guideline implementation in medicine are widely recognized and documented both within hospital 16, 17 and community practice. 18 In addition, guidelines for the management of status epilepticus have been in the literature for many years, yet other retrospective studies have confirmed that management often fails to reflect these guidelines. In a study of 26 cases transferred to a neurological intensive care unit, 68% had had inadequate loading with phenytoin prior to transfer. 19 Similarly, in a recent report from the USA, 28% of 184 cases had had delayed or inappropriate initial drug treatment, and even where an early appropriate antiepileptic was given, the dose was inadequate in 76%. 20 There have been few systematic studies of factors contributing to poor guideline adherence, but some are recognized. In our study, the fact that diazepam, a more familiar and readily available alternative 21 to lorazepam, was always available in Accident & Emergency is a likely contributor, and not one that can be overcome given the numerous other indications for diazepam. Similarly the high turnover of treating (largely junior) medical staff requires very regular reinforcement of guidelines if they are to be maintained. As part of reinforcing adherence, feedback from this audit has already been presented at the hospital. We are continuing to supply to protocol copies to all new medical staff, and to include teaching on the topic in their educational programs, but recognize in light of our experience that this alone is insufficient. The use of guideline-based 'care-management teams' has been shown to be more efficient than simple guideline dissemination in the management of chronic conditions such as heart failure, 17 but this is not practical for emergency situations. We suggest in this scenario, regular education and reinforcement must be directed at the Accident & Emergency staff, and must include the nursing and pharmacy staff, particularly given their lower turnover compared to junior medical staff. In this way it is hoped that even if the new junior doctor asks for diazepam, they might be reminded at the time that there is a more suitable alternative. Were lorazepam to become more routinely used by paramedics prior to arrival in hospital, this might also increase familiarity with the drug among medical staff.
Whether nationally agreed guidelines (such as have been published for the management of CSE in children) 22 would improve adherence, is not known. It has been suggested that if guidelines are developed nationally, this leaves hospitals to focus their energies on local adaptation, dissemination, implementation and evaluation. 23 We agree that such national guidelines, such have been agreed for the management of other medical emergencies (e.g. cardiac arrest, myocardial infarction) would be beneficial, but further study of methods to improve implementation, and outcome evaluation, is also needed.
We recommend that where venous access is possible, lorazepam should be the first-line treatment for premonitory and established status epilepticus in place of diazepam, both in and out of hospital. In patients without venous access, further study is needed to address the potential role of rectal administration of lorazepam, although alternatives such as buccal midazolam are also under evaluation and appear promising. 24 
